A cyclic [3]catenane was prepared in two stages via a selective imine exchange reaction upon a self-assembled triangular precursor. 
Subcomponent exchange then allowed specific points in the framework to link together to generate the cyclic [3]catenane product. Our method represents an advance both in the intricacy of the metal-templated self-assembly procedure and in the use of selective imine exchange to generate a topologically complex product.
Some of the most complex objects of synthetic chemistry that have been prepared to date have intricate interlocked molecular topologies, such as knots, links and catenanes.
1-4 The precise intertwining of molecular subunits has been shown to allow access to new properties, such as directed molecular motion 5 and novel forms of chirality. 6 In nature there is a strong link between topology and function, with natural examples of functional interlocked topologies being found in DNA, 7 proteins 8, 9 and the chainmail-like structure of the capsid of virus HK97. 10 Synthetic chemists have exploited topology to create molecular machines and other devices. 1 More complex link or knot topologies remain attractive targets, as it has been observed that knotting affects the properties of synthetic polymers.
11,12
The syntheses of interlocked structures can be broken down into elementary steps, where the final ring-closing step to form the knot or catenane must be preceded by pre-organisation of the components. Sauvage et al. pioneered the use of metal-ligand interactions to preorganise ligands around metal ions to program crossing points in order to synthesise topologically non-trivial structures, such as [2]catenanes and a trefoil knot. 13 This preorganisation can also be promoted by other templation effects using supramolecular interactions, such as π donoracceptor interactions 14 22 A feature in the syntheses of these interlocked architectures is the need to program a high level of structural complexity into the precursor framework before the mechanical interlocking step.
Results and discussion
Here we report the preparation of a new cyclic [3]catenane, a chiral assembly of three mutually interpenetrating rings. The underlying framework of this [3]catenane was constructed through an intricate metal-templated self-assembly procedure, which involved five distinct precursors, to generate a mixed-ligand circular double helicate. The design of this framework allowed for the subsequent mechanical interlocking of specific sites to form the cyclic [3]catenane product.
As shown in The architecture of 1 was observed to form when other coordinating anions (e.g. Cl − and SCN − ) were used in place of bromide and when other anilines (e.g. 4-toluidine and 4-anisidine) were used in place of 4-chloroaniline. However, we did not observe discrete species to form when the primary aliphatic amines benzylamine and 2-methoxyethylamine were used in place of an aniline; we infer this may be due to a combination of unfavourable steric effects and the absence of favourable π-stacking interactions when these amines are During the design of self-assembled structures using metal coordination, the principle of coordinative saturation is often employed as a first-order construction principle. This principle holds that the smallest structure will be formed in which all ligand binding sites (nitrogen atoms, here) and all metal coordination sites will be bound together. 26 This approach resulted in the self-assembly of unstrained M 4 L 6 tetrahedra and M 10 L 15 pentagonal prisms 27 when previously reported subcomponent B reacted with octahedral metal ions.
To favour the formation of mixed-ligand structures, we therefore considered the principle of coordinative saturation applied across the whole system. The proximity and the orientations of the 4-chloroaniline residues within the structure of 1 led us to hypothesise that pairs of these residues could be selectively replaced through the addition of a diamine (Fig. 2) . Although one could envisage linkage between different potential connection sites within 1, control over diamine length and geometry permitted the two closest metal-coordinated imine sites on the same face to be selectively linked. Preliminary molecular modelling studies suggested that an optimal length of dianiline would be provided by the pentaethylene glycol chain of bis-para-substituted dianiline C. However, studies on C and a range of flexible and rigid diamines using a one-pot synthesis method, 2 whereby all the building blocks were combined directly, led to the formation of insoluble materials, which we inferred to be cross-linked polymers. We therefore devised a method of mechanically interlocking the ligands based on subcomponent substitution, whereby electronrich anilines displace electron-poor aniline residues 30 (in this case 4-chloroaniline) whilst maintaining the complex geometry of the self-assembled precursor framework 1.
The reaction of 1 with dianiline C (6.5 equiv.) and NaBr (1 equiv.) in acetonitrile led to the formation of metal-organic cyclic Finally, a fully organic, non-labile cyclic [3]catenane 3 was prepared from 2. The dynamic covalent imine linkages of 2 were rendered kinetically inert and suitable for HPLC analysis through reduction of the imine bonds to secondary amines with excess sodium borohydride, followed by demetalation using Na 2 EDTA, adapting the protocol of Stoddart et al. 32 The resulting yield was low due to formation of insoluble precipitates; 32 however, the product could be subjected to LC-MS analysis. 33 The three major components observed are the expected [3]catenane 3, the related [2]catenane, and the macrocycle formed from hydrolytic dethreading of the catenane during reduction (Fig. 4a) . 32 MS/MS analysis of the molecular ions from the peak corresponding to demetallated and reduced 3 (Fig. 4b) is consistent with the retention of its topology. On breaking one of the rings through energetic bombardment, 34 the resulting MS trace (Fig. 4c) showed the presence of signals corresponding to the
[2]catenane ( Fig. 4c-d) . Observation of this fragment is consistent with the hypothesis that the rings of the parent ion were interpenetrated in the fashion found in a [3]catenane. The successful synthesis of both a metal-organic and fully organic cyclic [3]catenane highlights the power of selective imine exchange in the formation of mechanically interlocked structures. We envisage that this method, in conjunction with new more complex scaffolds, will allow access to new topologies that may not form using current strategies, allowing for new molecular devices that have complex topologies 1 to be prepared. 
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